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WIRELESS LOCAL AREA NETWORK REPE ATER WITH AUTOMATIC GAJDST 
CONTROL FOR BXTENDING NETWORK: COVERAGE 

CROSS REFEREKCE TO RELATED APPLICATIONS 
[000 1] This application is related to and cJaims priority from pending U.S. 
Pfovisional AppUcatioa Number 60/418,288 filed Ootobar 15, 2002, mid is faiihct 
letoted to PCT AppHcatioii PCT.TJS03/I620S entitled WIRELESS LOCAL AREA 
NETWORK RBPBATER, the conteais of which are incorporated herein fay reference. 

BACKGROUND OF THE INVENTION 
[0002] The preseaot inveatioa relates geaeraHy to wifeless local area networks 
(WLANs) aad, p articulariy, tJie present invention relates to extending the coverage 
area associated with a WLAN txjpeatenising Automatic Gain Confeol (AGC). 

[0003] Several standard protocols for wirel««s local area networks, commonly 

refetxed to as WIANs, are becoming popalai, Ttiese include protocols such as 802.11 
(as set forth in the 802. ! I wirelass standards), home KP, and BMetoctth, The standard 
wireless protocol with the moist commerciai success to date is the 802.11b protocol 
although next generatioo protocols, such as 802.1 Ig, ate also gaining popularity. 

[0004] Wiiile fee specifications of products utilizing the above standard wireless 
protocols commoaly indicate data rates on the ojxi&r ol for example, 11 MBPS and 
ranges on the order of, for example, 100 meters, these perfomiatiGe levds are rarely, if 
ever, realiKod. Performance shortcomings betiveen acttial and specified performance 
levels have many causes includiftg atfjemiation of tlie radiation pa^ of RF signals, 
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which for S02.1 lb are in to mngs of 2.4 GHz in an operating enviroaiaeat soch as an 
indoor eavironaaieot. Access point to cli^ ranges are ^nera!ly less than ths 
coverage range i^uired in a typical home, and may be aa little as 10 to 15 meters. 
Further, in stmcferes liaving split floor piaa$, such as ranch style or two story homes, 
or those constructed of materials capable of attenuating RF signals, areas in which 
wireless coverage is needed may be physically separated by distances outside of the 
range of, for exanqjle,, an 802. U protocol based, sj^tem. Attemiation problems asay 
be exacerbated in the presence of interference in the operating band, sach as 
interference from other 2.4GHz devices or wideband interter^ee witti m-band 
enrargy. Still fiirther, data rates of devices opetatiag using fee above standard uvireless 
protocols are dependent on signal strengfe As distances in the area of coverage 
increase, wireless system performance tjjpically decreases. Lastly, tlic strachtre of 
the protocols themselves may affect llie operational range. 

[00053 Kfipeaters are commonly used in tlie mobile wireless industry to increase the 
range of w-iteless systems. However, problems and complications arise in tiiat Systran 
receivers and transmitters may operate at lite same &eqneiicy in a WLAN ntiliising, 
for example, 802.11 WLAN or 802.16i WMAN wireless protocols, in snch systems, 
when multiple traiisanitt<as operate simultaneously, as would be the case in repeater 
operation, diiSouities a rise. T ypical W LAN p rotxwois p lovide nod efined receive 
and ti'aasmit periods and, tfeas, because random packets feom each wireless network 
node are spontaneously generated and transmitted and aro not temporally predictable, 
packet collisions may occur. Some remedies exist to address such difiSculties, sach 
as, for example, coOision avoidance and random back-off protocols, which are used to 
avoid two or more nodes transmitting packets at the same time. Under 802.11 
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standard i^rotocol, fot example, a distributed coordHiatioR &actioa (DCF) may be 
used for cottisiocB avoidance. 


[0006] Such operation is significaiitly different thmx the operation of many other 
celMar repeater systems, such as those systems based cai ;K-136, IS-95 or IS-2000 
staodards, wheare the leceive and traasmit bands are separated by a deplexing 
freqaeaoy offset. Fieqaency division duplexing (FDD) operation simpUfies repeater 
operation smce couBicts associated mth repeater operation, such as fliose arising in 
situations whete the receiver and {raasmitter chasaels are cm the same fireqaeacy for 
both the uplink and the downlijak, ate not present. 

[0007] Oflier cellular mobile systeras gq>arate receive and transmit chanitek by 
time rather than, hy frequency and iiifrther utilize scheduled times for specific 
apliak/downlmk transmissions. Such operation is conanonly referred to as time 
division duplexing (TDD). Repeaters for tfa«se sysleiits are more easily built, as the 
transmission sad reception times are well known and are broadcast by a base station, 
Receiveis and transraitteis for these systems may he isolated by any number of means 
iachtding physical separation, antenna p attends, or polarization isolation. Even for 
<i»se systems^ &e cost and complexity of a repeater may he greatly reduced by not 
offering the Isnown tanmg inforoiatioii ihat is broadcast, thus allowing for 
ecojiomicaily feasible repeaters. 

[0008] Thus, WLAN repeaters opemtsag on tk& same fl?equeBcies have unique 

constraitsts due to the above spontaneous txansmission capabilities aod therefore 
ie<jyiie a unique solution. Since these repeaters use tiie same fiieqaency tor receive 
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and trajisinit channels, some form of isoktiou mast exist between the receive and 
transmit channels of the repeater. While s.om& related ^sterns sttch as, for example, 
CDMA systems used m wireless teleplioay, gohieve chaunel isolation tising 
sopMsticated tecisaiqaeg such a$ dkectional aateuaas, physical separation of the 
receive aad ttmjsmit aateimas, or &s like, such tecfKiiqties are not practical for 
WIAN repeaters in many opemting en%Tronments sucli as in iiie horns where 
iX)mplicate4 Ijardware or lengtiiy cabling is not desirable or may be too cosiiy, 

[0009] One system, described hi International Application No. t'CT/trS03/'162.08 
and commonly owned by ttie assignee of the pressjnt application, resolves nmay of the 
above identified problems ley providing a repeater which isolalies receive aud ttastsmit 
chanjiels usiag a frequency detection and translation method. The WLAH i^epeater 
described teem allows two WLAN units to commimicate by tmnslating pacfeets 
associated v¥ith one tle\ic6 at a first frequency ohajjnel to a second frequency channel 
used by a second device, 'llie direction associated with the translation or coavemon, 
stich as from the frequency aasociated with &e first channel to the Irequeiwy 
^sodated with liie secotid channei, or ftom the second channel to the Ixrst channel, 
depends upon a real time configuratioa of flie repeater and tiie WLAN enviroranstit. 
The WLAN repeater may be configured to monitor both channels for tcansmiasions 
aad, when a transmission is detected, translate Ihe received signal at the first 
freq»ency to (he other channel, where it is timsraitted at the second fiequejicy. 

[OOlOJ The above described approach solves boife tlve isolation issue and the 

spontanc50HS transmission problems as described above by monitoring and traRslating 
in response to packet transmissions and may farther be implemented in a small 
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iaes$>8iisive unit. However, a WLAN lepeater, in order to he legally compHant, must 
transit wifein the power and spectmm liinitetions promalgated by, for exataple, the 
FCC. Difficulties arise k>wev8c m that a received signal may have a widely x^arying 
powea: level requiring prscise compensation for feQt»i8 eontributing to disruptions atid 
failed or saboptiinai signal retransmissitwi caused by inteiJfemiee and the like. 
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SUMhlARY OF THE mVENTION 
{001 13 Accordingly, iji various exemplary and alternative exisjaplaty embodliaeats, 
(he present mvention extends the coverage area in a wireless enviromnent such as a 
WLAN enviroiHaent, and, broadly spealditg, in my time division duplex ss^/stem 
iaclading IEEE 802,16, IEEE 802.20 and TDS-CDMA, with a unique fiequsncy 
detection and traitslatioti method. An exemplar^' WLAN frequency translating 
repeater allows two WLAK nodes or laiits to communicate by toij^tlatiiig packets 
ftom a first fteqaency channel iiaed by one device to a seccfiid j&eqxjency chaimel used 
by a second de%'ice. "i'he direction of the coisversion from cliamiel i to eharmel 2, 
verses ixotu channel 2 to Channel 1, is dependent upon real time configuiation. The 
repeater- nray preferably monitor botii channels for transmissions, and when a 
transffiission on a ehaimel is detected, tJhe repeater k configured to translate the 
received sigaal to flic otfear channels where it is fransmitted. 

[0012] In a ptetbrred embodiment, tlsc signal received is detected on a fim signal 
path and gain is applied on a second signal path. Further, the gain signal psth 
preferably iuclades delay circuits to pennit signal detection and gain setting to occur 
before the signal must be retTansmitted, The gain is set based upon the detected 
receive power level to acMeve a t»get transmit power level that is coastatit 
independent of the receive power level. However, the target power may be fest 
determined or adjusted based opoti criteria that includes oise or more of the following; 
separation between receive said transiait frequencies, regulatory rule compliance, 
temperature, received power level, transmit power level and detected interference. A 
raiuopiove&so with boRs^ rs. -Jdu^ ^ ' m nMf<5 u apptupiute tor 
perfoxTnmg tlie calculation of an appropriate gam set point, which tixes ate target 
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mtpat power. Hie ctetails of this my^tion are descrifced iii detail in tJie figure 
desorqjtions fhat follow. 


[0013] The ptefeired approach solves both the isoiatioii issues aUowiBg a small 
iaexpensive unit, and it solves flie spoataiieoiis traosBiission problata as it raoaitors 
andreaijonds inteactioji to &e tnajsmissions, mfk a constant oittput power at the 
tiaiistJHtter. This oatpot power may be different depending on the coDfiguration of tlie 
repeatet as detemniied by the miooprocessor. 
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BRIEF PBSCRirriON OF Tm DRAWINGS 
[0014] HG. 1 is a diagram iKastEatiiig a WLAN mcladmg an exemplary tqpeater 
having automatic gaia caatrol m accordance mth various exemplaiy enibodmiertts, 
[0015} FIG. 2 is a seliematic dtea-wing iliustating an exemplary gaia Goiitrol 
iaterfecs unit of Figure 1. 
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DETAILED DESCRffHON OF THE BA'ENTION 
[0016] Rfifemng now to FIG. 1 , a wide area coimectioa 101, which otuM be, for 
exianple, aa Ethernet coimeotion, a Ti line, a wideband wireless conneotioft or any 
ote ekctiical connection providiag a d&ta. commiimcatiojis path, may be coimectsd 
to a wireless gateway, or access point (AP) 100. The wireless gateway 100 seiais RF 
signals, soch as IEEE 802,11 packeis or signals based upoti Bluetooth, H>peikTi, or 
other wirdess commtaiicatioa protocols, to client miits 104, 105, which may be 
personal compttterg, {xjrsonal distal assistants, or any other devices capable of 
oommunicaiiag with olher like devices througli one of the above mentioHed wireless 
protocols. Respective propagation. Of RP, paths t» each of the dient unite 104, 105 
are shown as 102, 103. 

(0017] Willie the signal cmM over W path 102 is of sufRcient strength to 
maintsun high-speed daia packet coniinuniiations between client nmt 104 and &e 
wireless gateway 100, the sigtiais earned over the R3r* path 103 and intended for the 
client unit 105 would be atteimated whew passing through a steactuxal barrier such as 
walls 1 06 or 107 to a point where few, if any, data packets are received in either 
direction if not for a weleiss repeater 200, the stnicliire and operafioft of which will 
now be described, 

[0018] To eijhance the cov«rage and/or commuiiicalioo data rate to the client mit 
105, wireless repeater 200 receives packets transmitted on a firet fteqnency channel 
201 ftom the wireless gateway 100. The wireless repeaf3sr 200, which may be housed 

in an enclosijre typically having ditiienfsions ol^ for feKample, 2.5"x3.5"x,5", ami 
which preierably is capabJe of being plugged into a stmdsiid electrical outlet and 
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operatmg on 1 10 V AC power, detects l&e presence of a packet on ih» fet fe}qiieacy 
channel 201, receives the packet and re-tra«smits th© packet wife more power on a 
second frequeacy channel 202. Unlike coaveoitioaal WJ.AN operating protocols, the 
client unit 105 operates on the secoad freqaeacy chaimel, even tjjoa^i the wirdess 
gateway 100 operates on the fast frequency channel. To perform the return packet 
operation, the wireless repeater 200 detects the presence of a transmitted packet on the 
seccstid frequency chaimel 202 ftomtbe client unit 105, reoedves thepaokest on fhe 
second fkequency channel 202, aiid re-ttanfanits the packet on the first freqaeacy 
channel 201. The wireless gateway 100 then receives Qie packet on the jfirst 
frectuency channel 201. la this way, the vs-iteless repeater 200 is eapabie of 
simultaneously receiving and transmitting signals its well as extending the coverage 
and perfermance of the wireless gateway 100 to the client unit 105. 


[0019] To address tli» di£Sc«lties posed, by ohsttucttoas as described above and 
attendant attenuation of tiie sigaal gtreiigth alcai^ obstructed paths and thus to enhance 
ihe coverage and/or communication data rate to client tmit 105, exemplaty wireless 
r^eater 200, as shown in HG. 1, may be used to retransRiit packets beyond a range 
limited by propagation path consiraints throngh, fiar example, fteqnejicy translation. 
Packets transmitted on a first freqaeacy chamel 201 ftom AP 100 are received at 
repeater 200 aad re-traasmltted, preferably wife a greater power level, on a second 
fi-equency channel 202. Client unit i05 preferably operates on second fiequency 
chaaae! 202 as if AP 100 were also operating on it, such as with no knowledge (hat 
AP 1 00 is really operating on first frequency chsimel 201 such that the frequency 
traiislation is tmiisparent To perform return packet opstutiotis, repeater unit 200 
detects the presence of a transmitted return packet on second frequency channel 202 
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from client nmt 1 05, and is preferaMycoiESguTed to receive fee packet oa second 
fteqxjency chaimel 202, and to xotrausmit: file data packet to, for exaa^le AP 100» on 
tot ficequency clmnnel 201 . 

[0020] WMess repeater 200 is ptefembly capable of receiving two digesejit 
frequencies simultaneously, such as JSrst ftecjuency cliaimel 201 and second frequency 
chaanei 202 detenniumg wMcli cMtiael js eairj^isig a signal associated vsdth, tor 
exampkj the transmission of » packet, translating from tiie original frequency channel 
to an alternative freqxiency channel and retransraiitiug fee frequency teaiis!ated 
vemon of the received signal on file alternative ckHmel, Details of intsinai lepeatsr 
operatic may be foxmd in co-pending PCT ApjilicationNo. PCT/US03/16208. 

[0021] Repea.ter 200 may thus receive and transmit packets at the same time on 
different ftequencj' channels thereby extending the coverage and perfoimanoe of the 
connection between AP 100 and client unit 105, and bet^veen piicr-to-peer 
connections such as from one client unit to anotlier client unit When, many nnits am 
isolated from one another, repeater unit 200 fnriher acts as a wireless bridge allowing 
two diftersnt gjmps of units to c omniuniciits where optimum RF propagation and 
coverage or, in many cases, any RF propagation and coverage was not previously 
possible. 

[0022] In accordance mih various exemplarj' embodiments, repeater 200 is 
pref^bly confined to receive a signal and translate the frequency of the received 
signal with very little distorlion or lo.sg of Qie sigrml by propei-ly conti-olling ttie gain 
of an exempfeiy ttansceives section via Automatic Gain Control (AGC) oircuitiy 300 
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showoj for example, in FIG. 2. Scia preteed embodiment, xviteless repeatea" 200 
shown is capable of receivfaig two difforeat frequeacies stoaltajieovisly, detemuaiag 
wtech one is present, translating the ftequeacy of the erne that k present to the other 
ftequeiicy andretraasmitting a JBraqiimoy translated version of the received sigaal 

[0023] In accordance with one pi^ferred exemplary emboditaeut, ACiC circuitrj- 
300 Htiiizes RF delay and filter eleaiertts 307-310 to allow analog storage of an 
©x^iipiary received waveform wMe signal detection and transnsittaf coaSgsnation 
takes place, it should be noted that signal detectioti may occur boUi prior to and 
dtirmg transit of signals in delay elements 307-310 providing time to perform 
system configuration. It should be noted flvat a detector power level is preferably used 
to set a gain value on a parallel signal path as part of the gain control operation. 

[0024] Repeatfit AGC circaitry 300 forther includes logarithmic amplifier 301 and 

302, AGC control circuit 303 and 304, gain coBtxol ekmeiit 305 and 306, which may 
preterably inotude variable gain or variable attenuator elements, &sxq RF delay element 
307-310 which may preferably include aaalog storage devices such as, for example, 
delay lines and/oi: band pass illkvrs. Low pass filter 3 1 1 and 3 12, and analog to digital 
conveiter (ADC) 313 and 314 ate fiirtiier preferably used to accomplish gain control 
under the direction and control of, for example, microprocessor 315. 


[0025] Since repeater 200, in accordance with varions exemplar}- oTnbodimems, is 
corjfiguted to slniulteJieoosIy detect and process two different frequency signals, 

received signal 330 is split and pi»psgated on two diftereni RF pathS; for exainpie, 
using RF spHtber 316, Likewise, because the two difiereut frequency paiiiS must be 
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dekyed and controlled sepsmtdy, eacli signal path is furfiier split l>y, (m example, IF 
Splitters- 317 and 318, One of fee split signal ou^ufe ftom IF Splitter 317 is 
preferably coupled to logarithmic gmplifiers 301 and &e other split signal oulput is 
preferably coapW to gain control elennenta 305, Likewise, one of the splitsignal 
outputs from IF Splitter 318 is preferably coupled to logarithmic aroplifiers 302 and 
the otlier split signal ontput is preferably coupled to gain coraiTol elements 306. The 
oatpat of logarithmic amplifiers 301 ia fed to AGC control circuit 303 and low pass 
filter 311. Likewise, the output of logariltemc amplifim 302 is fed to AGC contol 
circuit 304 and low pass fiitssr 312. It should be noted that while logarithmic 
amplifiers 301 and 302 pjeferably provide an output voltage proportional to tiie 
io^thm of the power of received signal 330, tracking the envelope tliereot; other 
demes known to those of ordinary skill in tiie art may also be ased to track the 
envelope or samples of the eavdope directly or proportionafsly, 

[0026] The basic operation of components along the detection path of received 
signal 330 such as. for example, low pass fdters 311 and 312, atialog-to-digttal 
con^-erfcers (ADC) 313 and 314 and processor 315 for example, would be readily 
apparent to those of ordinary .skill in tha att and thus a detailed review of the basic 
operation thereof is omitted, such operation is disclosed in detail in commonly 
assigaed co-pending PCX Patent Application No. PCT/US03/16208. However it 
should he briefly noted that procesisor 315 preferably detects the presence of an IF 
sigoal on detection paiiis 0ETI 331 and DET2 332. As described in the above 
identified co-pending application, signal detection may be based on tlie signal level 
exceeding a threshold using, for example, analog or digital si^ial comparison 
implements in proc^sor 315. or could be perfonned by otiiet raeajtus wdl known to 
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thorn of ordmary skiJi in fiie art. Once the signal is defscted, gain coMrol is applied to 
the signal asiag for exampte, AGC control circuits 303 and 304 on IF path IFl 333 or 
IF2 334 respectively, dependiag on the channel 

[0027] With retence still to HG. 2 of the dtawings, gain ooatrol is applied to 
sigaalsoa W pa&s IFl 333 and IF2 334 using AGC control ckcuits 303 and 304 
wMcb circwits provide, inter alia, filteiing of tije aaalog voltage at the output of, fot 
example, logarithmic ampiifiors 301 and 302, any DC ofJ&et adjustment may be 
necessaiy, AGC set point tefensnce and conirol, level sWffing/scaUng, any required 
polarity reversal, and the like as would be appreciated by one of ordinary skill in the 
ait. Tlie outpat of AGC control circuits 303 aaad 304 are fed to gaiii control elements 
305 and 306whichmay provide either adjustable gain oradjustable attemjationof 
received sigsial 330 based oh a value associated with, fot example, the desired 
tREflsiaitter output power. It shonld be noted iiiat AGC contool ciicuits 303 and 304 
maybe one of a variety of gain control circuits, devices, or the liJce> as would he well 
known to those of otdinaty skill in the art, 

{;0028| As an exasnple of pin control in accordance with varions exsmplarj' 
embodiments, a vajtiable attenuator could be m&d for gain control eienieat 305 tuidea- 
flte following conditioBs: desired output power -flSdBm. received si|pial power - 
SOdBm, total transceiver losses 65dB, total transceivesr gains l65dB. 

[0029] Under these conditions, a variable afSeauator associated with, for example, 
gain control element 305, shonld be set according to the relation: Rx Signal Power - 
Desired Ontpnt Power + Total Gains - Total Losses, thus the attenuation would be - 
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80dBm - 15dBm +165<iB -- 65dB lesiiltjng in SdB of attoiuation. It mil be 
appreokted that a voltage may be calcukted and applied to &e gain control element 
305, for example, fay AGC coiifrol circiut 303 restlCing ia the desired SdB attemiation 
ssettiiig. It sliould also be noted tiiat wliile ACG cofltrol cjrcait 303 aad gain coHttol 
elemeat 305 aie described hsmia, the above dsscriptjou applies to the opetiatiott of 
AGC contmi circuit 304 and gain ooatroi elemeat 306. 


[0030] Thus receive signal 330 in order to be retransmitted m accordance willt 
varioi^ exemplary embodiments^ aad in accordance with the present exaraple, is 
prefctably output from gain coateol elemeat 3 05 aud delayed via S uiface A ooustic 
Wave (SAW) Mats 308 aad 310. It wUl be appreciated that tlie delay iniroduced by 
SAW filters 308 and 310 acts to esseiitiaily store the analog wavefonn while AGC 
md signal detectiort processes, for exm»ple as described <&ove, ate earned out, 
meanaig that deteistioii and ^a control setttag are preferably compisted during the 
propagation interval of the signal. 

[0031] Tn accordance with various exemplary and preierred exeaqjkty 
embodimentej SF delays are imposed through SAW filters 307-310 enabling analog 
signal storage aad channel selectjoa Jammer siippnession, and a feed-lbrward variable 
gain coattol path. AGC control drcuife 303 and 304 and gain control elements 305 

aad 306 may be biased or otherwise set under control of for example processor 315, 
which is preferably a laicro-pioccssor, auch as a general purpose processor, dedicatsed 
processor, signal processii^ |nx)ceasor, or the liks as would be imderstood by one of 
ordinaiy skill in the art Further, set points may be obtained by processor 3 1 5 fiom a 
look up table or tiie like dspenditrg on which clianael received signal 330 is received 


15 


wo 2<M>4/f!3(.7S9 PCT/US2W)3/(>2913t) 
on and which channel is selected far signal retrajisnHssion. It shoiiid be noted ttiat 
different bands have differenf transmit power limitations in diflfereat couatriss, tlitis 
tlie selectioiy of gain set points may be driven by several factors ^suiting from the 
need to uieet FCC teqiutem^tits and related speeifioattoas for the desired band such as 
spectral re-growth and Effective Isotropic Radiated Power (EIRP). 


[003 2J After detectioK aad setting of the gain eontmli, IF Switch 3 19 aad LO Switch 
320 are preferably set to letransniit received signal 330 at a difierent frequency 
without gigmficaatiy cuttiog off ibe wavefonn preamble. It is important to aote that 
detection aixd power sensing, for example, as described above, is preferably 
performed on detector paths DETl 331 and DET2 332, but actual gain control may be 
applied the on IF paths IFl 333and Ii'2 334, More speciiTcally refemug again to FIG, 
2, outputs from tlie logariliimic ainplilicrs 301 and ."iOZ are ted to AGO control 
circuits 303 mid 304 which oircatte are malfing adjtistments either as variable gain or 
attenuation with regard to gain control eiemmts 305 aad 306. 

[0033] One fector in determining a sequence of si^al detection and gain eoaftol is 
the effect caused by splitting the output voltage from iogarithmic araplifieri? 301 aiiti 
302 into a signal detection pafe aad a gain control path, each having potentially two 
diffeisnt filter bandmdths. As can fee noted ftonr FIG, 2, the gain control path is the 
patli to AGC control circuits 303 and 304, while the signal detection path is the path 
kadiiig to low pass filters 311 and 312, ^ previoasly described. Thus, if desired, the 
AGC control values and the sigiial detection filter bandwidth coald be set differently. 
For example, the AGC control loop co«M be set to react very quickly to the incoming 
power envelop wMle signal detection, as carried out, for example, in ADC 313 and 
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314 and processor 31 5, coxild be coirSguted to react more slowly. As a result, 
received sigtsal 330 propagaiing in gain control elements 305 and 306 can be tracked 

veiy accurately wliile the poition of rec^Jiv&d signal 330 propagating in ADC 313 and 
314 and processor 315 may track more slowly, bxit with more detection process gain. 


[0034] It sliould be noted tliat in accordancs with vatioos exemplar)' and preterred 
exemplary embodim«mls, two separate, detectors are used for jjerformiiig detet-tioii of 
fhe pres^ce of received sigaal 330 and for detectioii of tbe power level feereof in 
order to set gain. Hitis, dnce siguai detection may occur more slowly than AGC as 
described, ditlerent signal daiectton and AGC filt«^ bandwdths may be used 
benefidslly, aIlo\\Tttg variable control elemsats associated wife AGC such as gab 
control eleraentd 305 and 306 to have a faster or slower response tliaii the outpiit of 
filters 311 and 3 12. 


[0035] Another tacior in conteoMiiig gain is tbe relative distance between the receive 
and transniit channels. Speciftcally, depending on tlie distance therebetween, &e 
target ontput power or set point from tbe gain confiol elements 303 and 306 ca» be 
djlierent to fhe extent that additional performmice may be gained wheji the teceiAfs 
and transnnt channels are fur&er apart in frequency. Gain vahies may be increased in 
gam control elements 305 and 306 while oomimiing to meet performance 
requirements. Further, AGC control circnits 303 and 304 may be programmed to 
increase power based on fhe freqrjency difftaience or, alteaiativdy- processor 315 Jiiay 
be progratnitied to oo,nti»l AGC control circuits 303 and 304 based on ftequency 
separation. Adjusting set points b^ed on frequency separation may further include 
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ajjplyiiig mom filtering to any leakage signals picked Bp I33' a isceivet to avoid self 


[00363 A factor afeting the choica of which chaimek to qperaf e on (hiring tnilial 
tepeater power «p maybe influenced by choosiiig repeating chmmels based 011 the 
abilitj' to trimsmit more power i:n diffemiit FCC bands or bauds cositiolled by other 
tegdatory bodies. For example, ia the U-NII bands for operation in the United States, 
the maximum allowable transmit power foj CI-I36-48 is SOmW, for CH52-64 is 
250m W, and for CHI 49 -161 is 1 W, Therefore it is possible to receive a signal m oii 
a chaimd associated with one of the lower power bau<fe and choose a channel on a 
difSffesjentband allowing hij^ert imsmit power, t hereby allowing a higher AGCset 
point Thus the setpoinJs &r a translatioii, say iVoni Fi tu F2 md F2 to Fi would be 
different The decision of which channels to select is preferably pre-progratmned 
duiiug manxtfaciaring, or, alternaiively codd be prograetmaed in the field, in, for 
exanxple, AGC coattol circuits 303 and 304 or processor 315, 

[0037] In accordaace with otJisr aspects of the js-eaeat itivention, gain contml may 

require AGC calibration during initial taanufacixiring. Calibration may be desiiable to 
allow the xm of lower tolerance p arte thus reducing cost. Calibiation may further 
provide for accuracy required for regional or baad specific power settings. 
Accordiaglyj oalibradon may include setting up circuits and d evices i n accordance 
wife one or more of the following; regional regulatory rales, ftequeacy chatmel, 
received pow^ level, transmit power level, impemture, and to like. In aoconlance 
with various exemplary andpreien-ed exeniplarj/enibodimcnis, repeater200 using, 
for example, processor 315, niay store calibratioa tables and die like and be 
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CQiifig»red, for exaniple fJiTOti^i the aseof sojBEwafe, pmgramSjiiistmctionssorthe 
like, to pass specific calibration vaiaes to AGC contml circiiits 305 and 306. 
Processor 315 would ptef^ably utilize a digital to analog coiiveasnoH process to 

control the sei point 


[0038] As jnentiorted above, different detector outputs may be- used for AGC ajid 
signal detection. 'sigii;il detection may be perfomied in an, analog only configuration 
usjBg, for example, a tteeshoid comparator Boder the control of processor 315 wiibh 
may be configured to actively control, for exasiipk:, a;{i analog reference voUage a 
tiireshold comparator uses to make tJie detection decision, iUtematively, received 
signal 330 m&y be digitized and a detection decision made, for example, in processor 
315. Once concern related to using a digital path and processor 315 inoiudcs delay 
associated with, for example, digiiai .?araplit)g and <iecision making instructions hi a 
processor 315. 


[0039] hi accoidaiice with various alternative exempiar>' embodiments an analog 
compaiator (aot shown) having a threshold controlled by processor 315 may be used. 
Such a configuration could be equipped witir a digital ovsnide to allow for a fast 
imtial dijcisioii, eonvergiag to a siowei more accurate and controllable decision using 
software, progtaras, iaatrucdons, and ths li&e readable aad executable by processor 
315. For example, if an interferer is detected, and processor 315 recognizes that the 
packet dttration is longer fesn the wireless protocol will allow, AGC control circuits 
303 and 304 aadA>r detector could be turned off by processor 315 to prevent signal 
transmission. Thus the normal AGC setting may be directly contolled and 
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oveiriddea. Such cgntrol is ferfher aseM ia sitetioas tacluding when a systtas feed- 
back oscillatioii is detected. 


[0040] Oae of ordlrtarj' sMll ia the art will Eeoo^iize tiiat various teclmiqites cm be 
vetiMzM to detenmae AGC set points as weU as different sigaal defector 
configuiatiotis in the piesent iiweiitioa, Additio'ially, variaus ccunponents, sucli as 
the gaitt coatrol elements 305 and 306, AGC gaia control 303 and 304, fttiictioimlity 
of processor 315 and oth.«sr elements could be combined into a single inte^ted 
device. . Other chatiges and alterations to specific oomponerits, aad the 
intercotaiec-Sons thereof, can be made by one of ordinary skill in. the art withoat 
deviating from the scope and spirit of tbs presear iaventioa. 

[0041] The invention has been described in detail with particular refereaces to 
presently prefeiTed embodiments ilieieof, but it will be waderstood that variations and 
modificatioHs can be effected within the spirit and scope of the invention. 
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Wlmt is claimed is: 


CLAIMS 
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1. A fi-equcEcy ttaiisiatrag repeater for »se in a tiaie division duplexing (TDD) 
radio protocol system, the fteqaeacy translating repeater comprismg; 

a detector circuit configured to detect if a signal is present on one of two 
frequency chmnds associalssd witli the fteqtiency translating repeater; 

a fteq^IenQy traaslator configured to change a fre<j««iicy obannd associated 
with tlis signal feom the one of tiie two frequency chaimels to an other of the two 
frequency channels; and 

a delay circuit configured to add a delay to the signal to compensate for a 
sigrntl detection interval and a Uansmitter configuration mterval. 

2. The frequency translating repeater according to claim 1, wherein tlie delay 
circuit includes sin analog storage device. 

3. The j&equency translating ropeafer accoidii^ to claim 1, wherein tlie delay 
cireaitinclBdes at least one surface acoustic wave fiher configured for one or more of: 
analog signal storage and chaiaiel selection. 

4. The frcqnency translating repeater according to ckina 1, wherein the detector 
circuit includes a processor. 

5. The frequency translstiag repeater according to clahn 4, wherein the detector 
citcfiiit tjrther includes an analog d^ctton ciraut. 
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6, The frnqEency ttaiislating repeater according to claim 1, fljrthei coaiprisisig a 
gam control circuit having one of a gaia value a ad an attstmation valw associated 
thevewilh. 

7, The ftsquency translating repeater according to claim 6, wbereiii: 

the detector is fbtfiier for detecting a received signal strength of Qie signal, and 
the gain control circuit is further for using the received signal strength of the 
signal to adjust a gain value of llie signal. 

8, The frequeacy translating repeater according to claim 7, wherein the gain 
control circuit is further for coiitiolling at least one of the gain value aiid tlie 
attenuation value based on a predetermined criteria to achieve a specific sigjial 
transmit output power. 

9, Tb& frequency translating repeater accordhig to claim 8, wherein the 
jtredetermmed criteria is for modifying the specific signal transmit output power and 
includes at least one of the following; frequency sqparation betw'sen a receive 
frequency and a tra»smit frequency, a regulatory mle, a temperanrre, a received power 
level, a transmit power level, and a detected interference level, 

1 0, The frequency translating repeater according to claim 8 , wherein the processor 
&rther includes a memory and wherein the predetermined criteda are stored in the 
memory. 
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11. A ftequency tiaBslatiug repeater for use m a linie amsion dtifaexiKg (TDD) 
radio protocol system, the fteqiisocy translating repeater oomprisjug: 

a detector circmt coafigured to detect if a signal is present on one of l%vo 
ftsqaency chatmels associated with the ftetjuency tr aasiatiag repeater and to detect a 
received detected signal power af tbe signal; 

a frequency translator configared to change a freqaeacy cUmid associated 
with the signal torn t!ie one of the two frequency chaimels to m other of tlie tvvo 
frequency chaimels; 

a delay circmt coafigured to add a delay to the signal to compensate for a 
signal detectioti interval aad a transmitter configuiation inteiTal; and 

' a gain contml circuit configured to adjnst a gain value of the signal at least in 
part based on Jhe received detected signal power detected by the detector ciicoit. 

12. The feeqnency tratislatitig repealer according to claim 1 1, wherein the gain 
oonlTol oircnit is further configm-ed to adjust tlie gain value based at least in part on 
critsm inchiding which of ihe one of the Wo ftequency channels the sipal is 
received on, and which of the o&er of the two frequency channels is changed to. 

13. The frequency translating repeater according to cidm 12, wherein the criteria 
fmther includes at least one of a regulatory rule for ttansraission, an operating 
temperature, m\d ftequency separation between receive and transmit fireqxiencies. 

14. The ftequefscy translating repeater according to claim 1 1, wherein the criteria 
fbrfher includes a distance between a ceceive frequency and a transmit fteqnency, and 
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wherein the automatic gam coiaxol Qbrnit is fettliet coniigured to apply more filtermg 
to &8 signal based on the distance. 


15. A frequency ttansiating repeater for use in a time 4ivisioa duplesiag (TDD) 
radio protocol system, the frequency tifanslatmg repeater comprising: 

a detector circuit eonnguxed to detect if a signal is pieseiit on one of two 
aequency channels associated witli tlie fl^qaency translatiiig repeater; 

a frequency converter oonSguted to convert the signal fixxia a radio fi-equency 
(RF) signal to an intemiediate J&etiiiency (IF) signal; 

a ftequency traiislator coaSgured to change a fieqaeacy chamiel associated 
with liis IF signal fo>m &e one of the two fcequency channsls to atj other of the two 
freqaency channels; 

a delay circuit configated to add a delay to tbe IF signal to compensate Ibr a 
signal detection interval and a transKJtitter configiiratton interval; and 

a gain cojfttrol circuit configarsd to adjust a gain value of the IF signal. 

16. The jRrequency translating repeater according to claim 15, wherein the gain 
control circuit is fiurther configured to adjust tlie gain value of the IF signal at least in 
part based on a received detected signal power detected by the detector circuit, 

17. The frequency translating repeater according to claim 1 5, wherein the detector 
circuit and the gain control cucait a re located respectively on a first and a second 
signal path. 
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18. The frequency teasslating repeater accorfiug to cMm 17, wherein the detector 
circuit includes a logarithmb amplifier ami wherein the output of the logarifermc 
ampUfiei' is coupled to &e gain control circuit for control thereof, 

19. The ftequeucy ttanslatiHg tqseater according to claim 1 8, whereii? the detector 
cilcdt and the automatic gait) control circuit each have difFerentbaadwidths. 

20. The frequency traoslating repeater according to claim 19, wherein the 
automatic gain coattol circuit includes a processor and a roeraory storing a 
pfedet^fmined criteria and wherein the processor is configured to use the 
predetenmned criteria to establish an of&et gain value of fee IF sigsiai, resulting at 
le^t in part in a transmitter target output power independent of the deiected receive 
power of the signal as detected by the detector circuit. 

21 . The frequency translating repeater according to claim 20, wherein processor is 
further configured to; 

convert the output of the logarittmnc ampiifie»' to a digital sigtial; and 
esf^lish ihe gain vahte of the IF sigiia! using the digital signal. 

22. A method Iw frequency transiatiQii m a frequency translating repeater for use 
in a time division duplexing (TDD) radio protocol system, the method compming; 

a detecting if a signal is preismt on one of two ftequency ciminels associated 
with the fissquency translating repeater; 

ditanging a frequency channel associated with the signal from the one of 8ie 
two fteqtiency chaimels to an other of the tvvo frequency ch;mne1s; and 
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adding a delay to tiie si^iai to eqtiivalent to -a signal defection mi&tval aiid a 
transraittei: configumtion interval. 


23. 'Ibes method according to claim 22, whereia tba adding the dd&y ifidudes 
delaying fee sigaai in an analog stwage device. 

24. The mefliod accoiding to claim 22, wherein 0ie adding the delay isciudes at 
delaying the signal in at least one surface acoustie wave fslter configwted for one or 
more of: imalog sigaai stomge and channel selection. 

25. The mefliod according to claim 24, whsrem the detecting inchides detecting ia 
an analog detection, ctrcait 

26. Tine method according to claim 21, furflier comprisitig setting a gain 
associated with the signal, 

27. The meSiod according to claim 26, wherein the setting the gain ftirfhta- 
includes settitig the gain in part teed on a pnsdetemiined criteria. 

28. The method aceording to claim 27, wherein the predetemiined criteria 
kichidc.^ at 5east one of the following: a distance betft'esa a receive frequency and a 
tiansmit frequency, a regulatory rule, a temperature, a isceivod power level, a transmit 
power level, and a detected interference level. 
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29. The melitod accardinig to claim 28, feither comprising stofiii^ the 
predetermiiied criteria in a m6mo^5^ 


30. A method 6>r frequency tra«slatk»o ia a frequency tianslating lepeajsr for use 
TO a time division duplexing (TDD) radio protocol systeaa, the ms&od comprising; 

detecting if a slgna! is present on one of two fiequeacy chaimels associated 
\vi& the iiequency transktitig repeated 

changing a jftequency channel associated with the signal from the one of the 
two fVcq«eiicy channels io an otiier of (iie hvo fiecjiugacy cliaoneis; 

adding a delay to the signal to cou^ensate for a signal deleetion inteivai and a 
transmitter configaration interval; and 

adjusting a gain value of the signal in part based on a detected receive power 
level of the signal 

31. Tlie method according to claim 30, wlierein the adjustmg the gaiis value is 
based on a criteria mcluding which of the one of the two jtequency channels the 
signal is received on, and which of the other of the two fSreqiiency channels is changed 
to. 

32. Ihe method accordittg to claim 30, wherein iiie criteria further includes a 
regulatory rule for transmission. 

33. The mediod according to claim 31, wherein the criteria further includes 
frequency separation, between a receive frequency and a transmit frsquoicy. 
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54. A method for ftequency trattsiation m a firsquency transiatiiig repeater for use 
is a time division duplexing (TDD) radio protocol systeni, die method comprising: 

detecting if a sigaal is present on one of two frequency chauneis associated 
with the freqaency {laijslatmg repeater a«d, if so, a recei\'e power level of fte signal; 

coiwertrag fee si^a! from a radio frequency (RF) signs! to an ititennediaie 
frequency (IF) aigsial; 

changing a frequency channel associated witli the IF signal firom the one of fee 
two frequejiey channels to an other of the two ftiequency channels; 

adding a May to the IF signal to compensate for a signal detection interval 
md a feansraitter configmation interval; and 

adjusting a gain valne of the IF signal based at least in part on the detected 
receive power level of the signal, 

35. Hie me&od according to claim 34, wherein the detecting and the adjusting are 
performed respectively on a first aud a second signal path. 

36. llie me&od according to claim 35j wherein the detecting further inclttdes 
generating a kigarithtnic sigtial &om the signal and using the logarithmic signal for 
the adjusting. 

37. The raefJiod according to claim 36, wherein the adjusting fiatlier inchides 
using a predetermined criteria the adjusting the gain value of the IF signal. 
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38. The method according to claim i9, whei^ic fee geaemiiag further inciudes 
converting fhe logsirithmic signal to a digital signal; and whsreln the adjusting ftirther 
adjusting the gain value of the IF sigoai using the digital sigtml. 

39. A frequency translating repeater fer use in a time division duplexing 
coiranynisaiioB systetsi, fhe freiinency txaiislatiag repeater compnsuig; 

at least two receivers capable of receiving ttajistaissioKS on at least first and 
second frequency channels; 

at least one transmitter capable of Iramsmitting on the first frequency chamiel; 

at least one transmitter capable of tratisniitOBg on die second freqiteaoy 
channel; 

a detector circuit canJRgnred to detect if a signal is present on one of two 
frequency chamois associated with fee ftequency translating repeater and for 
detecting a receive power level of tiie signal; 

a jjequency translator configured to change a frequency channel associated 
With the signal from an initial one of the first and second frequency c liannels to a 
snbsequenf one of Uie first and second frequency channels; 

a microprocessor capable of configiirisig the- imi and second frequency 
ehaiHiels based on pre-determined parameters stored therein; wlierein 

configuration of a specific flreqitency for at least one of the first and second 
ftsqiiency chami«ls is based on fhe pre-dstermined parameters, and 

the pre- determined parameters include at least one of the following: regulatory 
transmitter power limitations, regulatory out-of-band emissions limitations, and 
frequency separation between the first and second fteqwency channels. 
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